Gel filtration on Sephadex G-200
Sephadex G-200 gel filtration medium was placed in physiological saline and allowed to swell for a few days. Before packing into a column (26.4x450mm), the gel was deaerated for 2 hours by stirring with a magnetic stirrer.Aliquots of incubation media concentrated with collodion bag, or tumor cell extracts were applied to the top of the column by layering under solution already present, eluted with physiological saline at a flow rate of 18ml/hr and 3ml fractions were collected. In the experiment shown in Fig. 6 , glucose was added to the tumor cells at different stages of anaerobic incubation. The addition of glucose made at 90 min utes not only prevented further increase in the rate of LDH release but also resulted in its substantial decrease, thereby indicating the reversibility of the process.
RESULTS

Previous
The data shown in Fig. 7 supported the previous conclusion that the appearance of enzyme activities in anaerobic incubation media is not due to the lysis of tumor cells. Anaerobiosis did not stimulate cell lysis. All the cytoplasmic enzymes examined so far were subject to anaerobic release, but its extent was different according to individual enzymes. As shown in Table 2 , the percentage of enzyme activity appearing in the incubation medium was highest with G6PDH and 6PGDH, amounting to almost 30% of the initial cellular levels. Only 8% of cellular protein were released under the same conditions. General protein release may be accurately studied by adopting the tumor cells, whose protein has been labeled with 14C prior to anaerobic incubation. A typical experiment, shown in Fig. 8 , demonstrates that aerobic protein release is much less than anaerobic one.
In order to gain a better insight into the mechanism of anaerobic protein release, studies were made on the nature of the high-molecular substances released into anaerobic incubation media. When examined spectrophotometrically, the medium from 2-hour anaerobic incubation of the tumor cells showed a peak at TALC 2. Percentage of cytoplasmic enzymes or protein released from Ehrlich ascites tumor cells into the incubation medium * males/min/incubation mixture.
•õ moles/min/total incubation medium.
•ö mg/incubation mixture or incubation medium. Fig. 9 . Ultraviolet absorption spectra of the incubation medium. Gas phase:95% N2 and 5%Co2.
260 mu with a high protein absorption at 280 mu and no absorption in the visible region up to 600 mu (Fig. 9 ). There was no qualitative difference between the absorption spectra of 30 and 120-minute media. From the ratio of the optical density at 260 mu to that at 280 mu, the 120 minute medium was found to contain protein and nucleic acid in a ratio of 88:12. The nucleic acid released was exclusively RNA, since the Bial test but not the diphenylamine test18 gave positive reaction. The absence of DNA from the incuba tion medium provides further support for the view that cell lysis is not responsible for the appearance of soluble proteins in the incubation media.
The anaerobic incubation media were passed down a column of Sephadex G 200. From the elution pattern as determined by measuring the absorption at 280 •\ 120 min incubation -----30 min incubation ( Table 2 ), molecular size cannot be a decisive factor for determining the rate of enzyme release. In order to determine whether or not enzyme release can be a chracteristic of cancer cells, several lines of cultured cells were examined for the release of LDH into culture medium during the aerobic cultivation. As shown in Table 3 , the extent or release was substantially lower with benign cells such as hamster embryonic cells than with malignant cells such as KB cells, HeLa S3 cells and strain L cells.
DISCUSSION
It has been well established that anaerobiosis greatly stimulates the release of cytoplasmic enzymes from ascites tumor cells into the surrounding medium and that this process can be reversed by glucose. [13] [14] [15] The present studies have demonstrated that in Ehrlich ascites tumor cells, a wide variety of cytoplasmic enzymes-G6PDH ( Fig. 1 and Table 2 ), GOT (Fig. 2) , LDH ( Fig. 3 and Table 2 ), MDH ( Fig. 4 and Table 2), PFK (not shown), 6PGDH (Table 2) and ICDH (not shown)-are subject to anaerobic release. The appearance of enzymes in extracellular medium may be attributed to cell lysis, but three lines of evidence are against this possibility:(1) The deterioration of cells is not accelerated by anaerobiosis (Fig. 7) (2) the tumor cells that were kept under anaerobic conditions for certain length of time can regain the ability to preserve enzymes upon the addition of glucose, and this suggests that the process is at least partially reversible;(3) RNA but not DNA is released into anaerobic incubation media.
An inverse relationship observed between the cell level of ATP and the rate of enzyme release (Table 2) suggested that ascites tumor cells, while growing in the peritoneal cavity of animals, would release their cytoplasmic enzymes if they are subjected to deficiency in energy supply. The ascites fluids bathing the tumor cells in vivo have been shown to be deficient both in oxygen and glucose.21-24 It is therefore reasonable to assume that a substantial portion of enzymes in the blood stream of tumor-bearing animals originates from viable tumor cells.
The precise mechanisms by which ascites tumor cells release their cytoplasmic enzymes have not been elucidated.
Schmidt and Schmidt25 recently reported that in perfusing rat liver, the rate of enzyme release was inversely proportional to their respective molecular weight. The present studies, however, demonstrated that in Ehrlich ascites tumor cells under our experimental conditions this was not the case:for both proteins and RNA components, the molecular size was not a decisive factor in determining the ease with which these molecules were released into the surrounding medium. In the case of the RNA components, the fact that ribosomal but not low-molecular soluble RNA could be released suggested that a kind of specific protein vehicle might be required for the active onward movement of cellular RNA.
The ease with which a cell can release its cytoplasmic enzymes appears to be related at least to some extent to the grade of malignancy of the cells. Much higher ability of Ehrlich-Landschutz hyperdiploid ascites tumor cells to release enzymes as compared with strain L cells has been attributed by Holmberg26 to a process of secretion still functioning to some extent in the former cells. But the present experiments (Table 3 ) demonstrated that malignant cell types not originat ing from secretory stem cells, such as KB cells and HeLa S3 cells, also showed a high degree of enzyme release.
All these findings suggested that there is a differential leakage of enzymes specific to organ or tissue and that the mechanists of enzyme leakage differs in normal and tumor tissues. Further studies along this line may prove the distribution of enzymes in the blood stream to be a very useful diagnostic aid.
